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^ AgomilorlfthlbltlngadaofptlonofpfotalnaonthoHpoaoinoaurf^ 

(S) Aoantt for inhlWtlng adeocptlon of protalna on lha 
lBo»ofno aurf aca and lipoaooiaa whioh ara aggiuilnatk>n-fraaby 
binding aaid Inhibiting agent on the aurf aca aro diacloaad. Xtm 
•bova-mantlonad Inhibiting aganta oomprtaa • ftydropfrobte 
molaiy and a hydropWIte macfomotacular chain motaty. Adeorp- 
tlon of pitama proiatna on tha Upoaomaa la InhlWtt d duo to tha . 
tiydfophWc molaty axpoaad on tho Hpoaoma agrtaoa with a 
raauH that agglutlnatton of tho Bpoaomaa pt^^J? 
prevented. Therefofe. there la no danger of emboBam m blood 
veeaala k>hib«lng Wood ftow when the Bpoaon^ee are intro- 
duced mto tha Bving body. Accordingly, the ftpoaomea are 
aapectany highly uaeW aa artmoial erythrocytea lor whteh a 
larga doaa of Bpoaomee la needed for admlnlatratlon. 

Moreover, when Wpoeomea are Introduced Into the iMng 
body antibody protein (imfflunogiobulln) to the Bpoaonoa wNch 
Is in' antigen wW be adaorbed on the Bpoaonit lo prodwe 
foreign body recognition In the phagooytee {macrophage) with 
a rat uH that the Rpotome w« be Inohidad m tha macrophage 
and diaappear wllhln a abort period of time. Thua. mhlWtkm of 
the protein adaorptton OA upoaoma can uaivy dlwppaarance of 
the Hposome In plaama 

In addwon, a method for pr paring tha above^acrfbed 
iipoeom«3 la diacioeed. 



fiundM<fruck*r«l a«ran 



Description 



Agente for Inhibiting adeonptlon of proltlni on tht Hpo»om« •urfaot 



Background of the Invention 

Technical Field 

TT>e present Invention relates to aQ^nls for 
Inhibiting adsorption of proteins on the llposoma 
surface. 

Further, the Invention r©late$ to SQantt for 10 
preventing liposome agglutination. 

Furthermore, the invention le concerned with 
llpoaonrws on which adsorption of proteins It 
Inhitjited and which are agglutlnatlon-free w>d a 
method tor preparing the same. f^ 

Prior Art 

Use of liposomes as a carrier for water-soluble or 
fat-sotuble drugs has widely been attempted 
(Gregorladis. et a!., Ann. N.Y. Acad. Sd- 446. 319 W 
(1985)). Use of liposomes as ertlflclal erytRrocytes 
by Incorporating hemoglobin, the oxygen carrier for 
animals, in the inner aqueous apace of liposomes 
has also been attempted (Japanese Patent Apptlce- 
tion Uld-Open to Public 17e521/1987). Upoaome 25 
membrane-constituting materials of the liposomes 
used in these attempts, however, were those 
composed only of natural or synthetic lipids such as 
phospholipids and cholesterol. 

In order to use liposomes as a carrier for drugs It 50 
is necessary to Introduce the liposomes Into blood 
vessels in the living body. However, the Uposomea 
composed only of lipids which were conventionally 
employed were encountered with problems of 
adsorbing plasma-constituting proteins of the Ihrtng 95 
body (for example, albumin, globulin and fibrinogen) 
which results In mutual agglutination of the lipo- 
somes. The problems were considerable especially 
of the liposomes which particle size exceeds 0.1 jim. 
Particle size of the fiposomes generally employed la 40 
usually 0.1 - 1 urn The particle size as It Is will be 
of no obstacle in passing through the blood vessala 
In the living body because the capillary blood vessels 
have Inner diameter as large as several jim. 
However, if the liposomes are agglutinated by 45 
adsorbing plasma-constituting proteins, size of the 
agglutinates becomes tens of mlcronwters. If the 
agglutination occurs In the blood vessel, aggluM- 

body. 

Partlculariy when liposomes ere used as artificial 
erythrocytes, a large dose of liposomes should be 
administered so that the problem of liposome 
agglutination In plasma was not negllgtbla. Herato- 65 
fore, however, there has been developed no tech- 
nique at all for preventing the agglutination of 
liposomes In plasma. 

In addition, when liposomes are Introduced Into 
the living body, antibody protein (ImmurwgtebuBr^) to $0 
the liposome which is an antigen wni be adsorted on 
the liposomes to produce foreign body recognition 
In the phagocytes (macrophage) with a result that 



the lipoaonoes will be Included In the macrophage 
and dlsappaar within a short period of time. 
Therefore, Inhibition of the protein adsorption on 
liposomes could also delay disappearance of the 
llposom a In plasma. 

It Is also noted that hemoglobin concentration In 
nitural erythrocytes la approximately 30<Vb; as 
volume t^tlo of arythrocytea to the whole blood 
(hamatocrit) Is approximately 50%. hemoglobin 
concentration In the whole blood Is approximately 
iWo. Accordingly, In the casa of artificial erythro- 
cytaa which are formed by enclosing hemoglobin h 
the llpoaome smaller In particle size than natural 
arythrocytes, volume ratio of artificial erythrocytes In 
to ertlflclal erythrocyte suspension wtU exceed 50% 
when hemoglobin concentration in the artificial 
erythrooyte suspension la 15%. unless an aqueous 
solution of hemoglobin with a hemoglobin concen- 
tration of 90% or more Is aubiected to liposome 
formation. 8uoh auapenslon, which is poorly 
fiuldlzed. WW produce adverse effects upon circula* 
tory dynamlam when administered. In this respect, it 
Is dsslrabte to encapsulate a large amount of 
hemoglobin In tha Innar aqueous space of llposomee 
using lipid In an amount as small as possible. In other 
words, a method for preparing artificial erythrocytes 
with a high encapsulation efficiency la desirable. By 
the dialysis method or the reverse phase method, 
however. It Is difficult to form liposomss of an 
aqueoua adutlon of hsmoglobln with a higher 
hemoglobin concentration (30% or more) and a 
higher vfacoslty: Also by the lamina method In which 
a ttpoaome-forming lipid Is uniformly dissolved In en 
organic aofvent. then tha organic solvent is removed 
and an aqueoua solution Is added to the lamina of 
the lipid thua formed to a dispersion, the hydration 
and dispersion cannot easily be accomplished by 
the addition of an aqueoua eolution because the 
Rposome-forming lipid after removal of the organic 
solvent has been solidified or nearty In loss of fluidity. 
When the aqueous solution Is an aqueous solution of 
hemoglobin with a high ooncentratlon. proportion of 
the water combined with the globin protein Is high, 
and amount of the free water available for hydration 
of the fipid is email. Thua, llpoaome formation at a 
high efflolency was difficult. Therefore, an object of 
the Invention Is to provide agenta for Inhibiting 
..^-.p.... , < •» n«..»«i« aiirinnn 

B(Mnt« for prevanMno WpoBome agghmnation. Ilpo- 
•omos on which •daorpllon of proteins In pla«ma to 
InhlbttMl tnd • method for preparing the wme. A 
further ob|ect of the Invention le to provide • method 
for preperino ertlflolel erythrocytee comprielng for- 
ming llpoeomee of a hIgWy-concentreted hemo- 
globin at a high efflolency. 

Summeiv of the Invention 

As a reeult of extensive etudlee In order to achieve 
the above-mentioned ob)ecti we have found that 
edeorptlon of proteins In plasma on the surface of 
liposomes can be prevented by Inoorporating a 



specific Boent for inhibiting adsorption of proteins 
Into llpM toyer of the liposome, eventually pr«v«ntlng 
aaWutin*tlon of the Hposomes eacti other tnC 
further facilitating hydration of the lipid even when 
ftrtKlcial erythrocytes are prepared with an aqueout 5 
solution of hemoglobin at a high concenlratloi> 
thereby enabling formation of Wpo'Omee Of • 
highly-concentrated hemoglobin at a high effldency. 
Th9 present invention was completed on the basis Of 

the above findings. ^.^m^a 
According to the Invention, there are provided 
agents for inhibiting adsorption of proteins on the 
liposome surface, agents for preventing agglutliw- 
tion of liposomes, liposomes containing thase 
«gents and a method for preparing the same as is 
described below. 

1) An agont for Inhibiting adsorption of 
proteins on the Uposome surface comprising a 
compound having a hydrophobic moiety at om 

end and a hydrophllic macromolecular chain 20 
moiety at the other end. 

2) An agent for Inhibiting adsorption of 
proteins on the liposome surface according to 
Item Vwherein the hydrophobic moiety and the 
hydrophllic macromolecular chain moloty are 2» 
covalently bound. 

3) An agent for inhibiting adsorption of 
proteins on the liposome surface according to 
Item 1 wherein degree of polymerization for the 
hydrophllic macromolecular chain moiety Is so 
6-tOOOmoles. 

4) An agont for Inhibiting adsorption of 
proteins on the liposome surface according to 
item 1 wherein the hydrophllic macromolecular 
chain moiety consists of polyethylene glycol. 3S 

5) An agont for Inhibiting adsorption of 
proteins on the liposome surface accordli^g to 
Hem \ wherein the hydrophobic moiety and the 
hydrophllic macromolecular chain moiety are 
bound via an ether bond. ^ ., ^« 

6) An agent for inhibiting adsorption of 
proteins on the liposome surface according to 
Item 5 wherein the hydrophllic macromolacular 
chain moiety Is bound with an ^cohollo radk)^ 

of a long chain-aiiphatic alcohol, a sterol, a 4S 
polyoxypropylene alkyi or a glycerin fatty acid 

**7T An agent for Inhibiting adsorption of 
proteins on the liposome surface according to 
Items 1 • 4 wrtieroin the hydrophlBc maoromoa- w 
cwlar chain moiety Is bound with the hydrophllic 
group of a phospholipid. 

8) An agent for Inhibiting adsorption of 
proteins on the liposome surface jf „ 
item 7 wherein the phospholipid Is phoaphati- 55 
dylethanolamine. 

9) An agent for inhlbit.ng adsorption of 
proteins on the liposome surface according to 

item 7 wherein the bond Is formed via a triailne ^ 

""?0) An agent for Inhibiting adsorption of 
proteins on the liposome surface according to 
item 7 wherein the bond is fon«ed via an amide 

^U) A liposome in which the hydrophobic « 



moiety 01 the eg«m lor ui("o....i», - 
protelna on the liposome surface according to 
Items 1 - 10 Is fixsd to the liposome mambrane- 
oonstltotlng lipid layer and the hydr philic 
macr molecular chain moiety externally ex- 
t nda from the liposome surface. 

12) A llposoms acc rdlng to Item 11 wherein 
hemoglobin Is enclosed within the llpoeoma. 

13) A method for preparing liposomes on 
whioh adaorptlof» of proteins Is inhibited which 
oomprtses adding an agent for Inhibiting ad- 
sorption of proteins on the Upoaome aurfaca 
according to Itema 1 - 10 to a Upoaome auapen- 
eion and then collecting the liposomes from 
said auapenalon. 

14) A mathod (or preparing liposomes on 
which adsorption of protelna la Inhibited wNch 
compria«t uniformly mixing an agont for Inhibit- 

' Ing tdaorptlon of protaina on the liposome 
auflaoe with a liposome membrane- forming 
lipid and forming llpoaomea using the mixture 
thus obtained. 

15) A l4>osome on which adsorption of 
protaina Is Inhibited comprising one end of a 
hydrophllic macromolecular chain moiety di- 
ractty bound with a liposome membrane-consti- 
tuting Upld and the other end exlemaJly extend- 
ing from the liposome eurface. 

16) A method for preparing liposomes on 
whioh adsorption of proteins is inhibited which 
eomprleas adding a hydrophllic macromolecu- 
lar compound activated so as to bind with a 
Upoaome membrans-constrtuting lipid to a 
Upoaome suspension and aOowIng to react In 
euoh a way that one end of the hydrophllic 
macromoleeula la bound with the Uposome 
mambrane-oonstitutlng lipid and the other end 
Is extended extwnaUy from the Uposome sur- 
face. 

Detailed Description of the invention 
■ tho aganta for Inhibiting adsorption of proteins on 
tha llpeaome surtace or the agents (or pravent Ing 
agglutination of Uposomea in the present •nventlon 
ara compounds which have a hydrophobic moiety at 
one end and a hydrophlUo macromolecular chain 
moiety at the other end. 

Aa preferred examples of the hydrophobic moiety 
are mentioned alcoholic radicals of a long chahi 
•llphatic alcohol, a sterol, a polyoxypropylena allqj 
or a QVcartn fatty add ester and phospholipids. As 
pf^ferrad axamplea ol tha hydrophllic macromolacu- 
lar chain molaty ara mentioned polyethylene glycols. 

EspecialV prelerabia In the Invantlon are non-Ionic 
surtaoe-actNa aganta of PEG addition type In whl^ 
a polyathyJane glycol (caned PEG herelnbolow) and 
ir2Mlc raSJal of tha hydrophobic molaty are 
bound by ather bond or f»EG-boond phosphojplda 
m which PEG and a phospholipid are covalently 

'^^^SpolyathyleneoVcol-boundphosphoM^^^ 
Invantlon to a molacule f su h a •tructura thrt 
polyethylens glycol (PEG) »• covalently bournd jjh 
Shydrophltlc nwlaty (polar head)<J a PhjsphollpW 
whioh contains one or mora PEG chalna psr 



i rK« ^nd Of the PEG chain that has not 

Svdroxy?; oup o^an ether with a .hoM chain such 
S metS;! o? athyl or an e»ter with a ,hort chain 
Tuch as with acetic acid or lactic acid. 

S> orda^ to achieve the objects of the Invent on 
PEQ cSin length In the PEG-bOund PjOl^hoM^ 
molecule Is desirably In the range of 5 - 1000 molee. 
!^„«r oreferablv 40 - 200 moles In terms of the 
araflS Ca' of poiymerteallon. Below the ^ova;; 
Sed ranoe. the Stfact of preventing aggJutlnttton 
J? iSiscInSs in plasma witt hardly be produced. 
BevSd the above-defined range. water-sJublBtyo^ 
fh/?K^^^^ phospholipid wfll be too high to be 

readily fixed Inside the «PO«''^,'^fi?"'- pcQ 
In order to produce a covalent bond between PEG 
.nd a Dhosphollpld e reaction-active func lonal 
';oup I? SeSesaty at the polar rholety 
Jhospholipld. The functional group Includes enjno 
K of phosphatldylethanolamlne. hydroxj group 

SSl;5;tldy.ethanolamlnelsp^^^^^^^^^^^^ 

For the formation of a covalent 
reaction-active functional group of a Phoap^^jj; 
end ?EG are mentioned a method emplo^nfl 
Slrlc chloride, a mett>od •'^P^'S « ^J*^ 
Smide, a method employing an add whydrtde. • 

method employing fl>"t«l''!j£i* 

oW^ anJ <^^^^^^^^^^^ chloride by k-^wn ^^^Jjl 

Sadies ?Horda ^0-me»»S^S2•%•) 
SoU.6-dicWoro-a-trte2lneJactlvate^^ 

2 4-bi6'(0-methoxypolyethylena BV<»l)*^)f ™^ 
'^rS^^ xL^r -naad cf phosphatidjisthano- 

:S boS la also produced bY'^fotlnfl mo^^ 
Soxy PEG with succinic anhydride to W^o6^ 
group into the end of the PEG •^•^^^^ 
Se pSluct with phosphatldylethanolsmlne m the 
presence of a carbodnmlde. 

In order to prepare a Uposome with reo 
hftld ohosph<5ipldof the Invention contained In the 
SoS i^Tl PeG5»ound phosphollpldmay unwormy 
£ Slith a "PO'cme-formlng Ni^^^ 
and the Kpld mixture may be treated Jj « ^•J: 
tional method to form liposomes. ^» BP»»^ J* 
nSno «plds as herein referred to o<>n^nw 
Sponent P»><>«P'»^'*SVt?rA.Tor 

i-rar^r.^-;^^-^^^^^ 

:Jed alone' or In combination. «;P~j;;J»^« ^JJ 
phosphatldylchofine. sphingomyelin. PhosphaWyle- 

SSamlne and ^^^P^^^'^TJ^^.^xJSTi 
SI rots such as cholesterol and cholaetanol ee « 



membrane-atablllting agent Pl^ospha^d^c acid 
dioetyl phosphate and higher fatty acids as a 
charo d aubatanc and thar additives may be 
Sdded. Mixing ratio of the PEG-bound phospholj-d 
5 X the llpoaome-formlng lipid l. O l : ^0 

preferably 05 . 20 moWb and more Pf«*5«»»5^J ' J 
K in terms of the moler ratio to the P^P^^ 
of the mam component. Below the at>oje-deflned 
renge. the effect of preventing "J 
in iDOsomes In plasma will not be sufficiently high. 
C^heabSve-deflned range, solu 
SyTthe PEQ-bound phospholipid w,ll cause 

Instabillzatlon of the "PP*™^- ^f the 

m effecting m advsnce «««orm m«lng oftne 
18 Hpoaome-forming Hpld with the PEQ-bound p^os- 
phoRpld. for exaSiple. the two may be dissolved In . 
volatile organic solvent and then the oroanlo so vwt 
tmov^a by evaporation. If a fat-soluble drug Is to be 
Sned i the liposomes. It may be mixed wrth the 
^ Koma-^crmlng lipid during the above procedures^ 
Formation of Uposome. from the mjxed hpWs thus 

nnrriadoitt anwirdiQQ l9 a liposo^ 

formation method usuafiy emp16V««- 
snTof such methods .s shaking, ^cn-f^to" 
ss planch pressure cell may be a'«P•cy«<^^'-?^.^;'?' 
S oartlcle sizes between 0.1 |im and 1 |im are 
S^SfcSVowlngforcarr^nga^^^^^^ 
a wftter-aoluble drug or Pt^alologlcally active euo- 
ttSce in the Inner aqueous space, provided that the 
:Sle-mentioned PEG-bound P»^;sPWW^^^^^ 
Within the ebove-deflned ^J'^'^f ^^^J- ,5 

fiposome membrane, and the hydropnHic r^^ 

follows: To a "•^f",. ^r^or the like (whksh 
^ wster-.oh*U»oMJ^^^^ 

have been prepaid oy a w p^^. 

uposome ^rmajj "^f'^^;^^^^^^ ither ae It Is or 
bound phosphotj^ of i^he^jvjnu^^ p^^^^ 



bound phospholipid molecule is fixed n ihl 5^' 
Phobic region .n the fiposom. ^X^Ttl 
phobic Interaction thersbv inwn/i^ !! 

Addition of (he PEQ-bound phoaohollDld in 
•queous solution may be made •( th, oSmSel 1. 
concentration or higher. At a lovw concentSn 

thTZ'/rr«' phospholipid 0 ■ 

the Ijxjsome will not be aufflctent to m.N«ln th^ 
•fleet of preventlno agfliutlnatten of lipoJm*. to 
P^jsma. At a too high concemni,to„. th^C^ 
wlH be so unstable as eventually to caute toakiS?? 
the water-soluble drug or the like cJJd |nX te^ 

terms of the concentration In the liposome auspeiv 

Uposomos containing the PEQ-bound ohoa. 
Pjo Md in the lipid layer can also ba pTspTad by i 
alternative method. As a matter of fict llpeaoJi, 
iu^:^ " Phoephonpid with a feactCX 
meTti?'!^'""^ P'^P"'*'' • conventions 

end is added to the outer solution of the Upoaomes 
to allow for binding with the phoapholKT 

phosphaltdylethflnolamine in the whole phosphotlold 
are prepared, activated PEG2 m a K Sr 

of 1 -200A) and the mixture Is allowed to reac irt 
room temperature fori - 24 hours. There Is formed . 

exposed on the surface on the aide of the outer 
aqueous phase of the liposomes. 

The non-ionlc surface-active agent of ooh^- 
oxyethyiene ether addition type as referred to Inthe 
invention is a non-ionic surface active agent haWno a 
molecular structure that contain, a poSowethvtene 
Cham as the hydrophJiic moiety ^ffKlK 
polyoxyemylene chain is bound with «n iSholie 
Vl"^ "P^P"""^ fhydrophobic) bj 
« her bond. It Includes, for example. polyoSl^ 
alkyi ethers, polyoxyeihyiene ste ol ?Zs. 
oxyethyiene ali^phenyl ether,. po^x^i*h5eJ^ 
po yoxypropyiene block polymers. poKE 
polyoxypropylene alkyl alhors. ^CtK 

fatty aekl esters and the Ilka. 
Among non-lonks surface active agents of poly- 
•^*«o« type. • non-ionic surface aJSX, 
agar, of polyoxyethylene ester addition type that hu 
• molecular structure in whtoh the polyJwetMenJ 
cha-n te bound with the llpopMllc rn^^SbvZ!^ 

SSsoJil """^ P'"^"""0 •WhiHnatton of 

do11*!!^.k2 «^ 'nv»ntton the 

polyoxyethylene chain length In the non-Ionic auN 
'KSnfitl»fiitnnntni..ii . >>.,i.... JZTZ^Z, 



pre?e;a;i''tr4i' roles" in' ' '"f r 
degree oT poly^^S of h^n ' 
the above-denned rano thft lKi . 
5 agglutination of liposome's in^f * P'^^'^WnO 

developed. BeyoS , ho abotL-'c^Tfi^^^^^^^ 
solubility of the non-lonic errffce 
bec^on^t^hlghtobereaSr^^^^^ 

" -^rSf^CxXttT^nr^^^^ 

Prtyoxyethylene rtkyi ether,. pc^JjLTCe eS 
•tters. polyoxyethyten, po^SSZ 2S 
ethers and polyoxyethylene gvS fSKS e.t« 
f« Particularly effecth^ in prUTk,;^:^^ 
high protein «deo'Ptlon-lnhl&o»y i?d aop^^^ 
j.j^.n^eff,otswhencontaJdlnth:C!^^^ 

W,d aliphatic ak^ohol are boJId h! .k"^""!"**^ 

Cholesterol and choleeta„Tp i, 
tosterols) such as sitosterol and stlgnJJSroi% 

» (mycosterols) such m JSSSSIJS 

zymosterol. Although It Is not necess^Vo soeSS 
nature of the sterol in the polyoxyethylene 
•etere those which have theV^'^Sure S the 
sidechatnasthatofcholeeterolarepreferabVuild 
The polyoxyethylene polyoxyfvopylene Tikvi 
ethers have • molecular stmctie TwWch. ' 
poVoxypropylene is added to a saturated or\«Sfu 
rated auphatic ateohol by ether bond anS Z 

hy*oxyl group of the polyoxyprop;iene S f^^^^^^^^^ 
jSSL^'^ft'^"* ^ ether bond. Average 
f SI K^^T"*?"^" '^^ polyoxypropylene I, 
preferably 2 -8. and aliphatic alcohols having 8-22 
carbon atoms are preferably employed 

4S fl!!^try'^. ^^'"^ '■•'y est rs 

Mv, * molsculsr structure In which a poly- 
oxyethylene Is added to the free hydroxyl group of a 
iS^iT fnonoglycerlde'or digly 

L^*"'***** unsaturated fatty acids 
so rVLL^,^" "^'^ preferably employed. 

*S ■ liposome containing the 

non-lonte surface active agent of polyoxyetMene 
ettter •ddllion type In th. layer aworJl!?^ tS 
fnwntlon. a non-tonic surface active agent of 

5!^^ ?. ? "Po»oma.formlng UpM In advance, 
and th, lipid mixture may b, treated by a conven- 
tional method to fomt liposomes. Th, Oposome-for- 
nilng Upk* a, her,ln referred to contains as the main 
^^"^ phoaphoUpWs obtained from natural 
'"^ •« »<»yt>ean or those 
www «• produced by organte ohemtoal ayntheels 
Hon, or In comblnatton. Repreaentathre ar, 
phosph«tWyteholin,, sphingomyelin, phosphatldyto- 
iDin&limlni) nrvl nhnrnhotirtiitiaiiai i .ijiii..., 
aierois suiBh .u...i . 



niRI laHBIIIIIIIMIIUBBWBI I .IJIII..., 

as cholesterol or choleatanol as a 



"I , 

■J 

1 



aecoiyi pnospnata and Mgher fauy «cld» a$ ■ 
charge-providino substance and other addlliv«s may 

' !^/h .ho^ 1, P<>'y^'V««''y«ne ether addition type 
, 'he llposomo-formino lipid is 0^-20 molV 

Por .vl ^ P^P'^°"PJ<* Of the main comporwrt. 
For example, when tflpalmftoytphosphatlcM^ollna 
(molecular weioht 752) a. the%ho8pho«pS 
poiyoxyethylene phyiostanol ether with «n aUraoa 
d gree of polymerization of 25 for ethylene OKlda 
(molecular weight ca. 1500) as the non^onic aurf«oe 
active agent of polyoxyathylene ether addition typ* 
are used molar ratio of the non-ionic surfaoa activ* 
agent of poiyoxyethylene ether addition WcTS 

Of the phoapho^Nd, and weight ratio la 004 - 1 6 
parte by welQht. preferably 0.08 - 0.4 parta by waight 
f tho non-Ionic surface actlva agent of polyt 
oxyethylene other addition type per part by wekiht of 
the phospholipid. Below the above-deflned ranga 
w!! n«ri P'tT""^ "OSlutlnation of llpoaoitlea 
will not be sufficient. Beyond the abofe-dafinod 
"7"A !^ "Po^^ne^ will be unstable due to 
cokibilteing capacity of the non-Ionic surface aoiiva 
•gent of poiyoxyethylene ether addition type. 

In order to effect In advance uniform mbdng of a 
surface active agent of polyoxyethyiena ethar addi- 
tion type with a Uposome-formlng lipid, for exampi* 
the two may be dIsaoVed in a volatlla organle 
solvent, and then the organic 60^ent removed by 
vaporatlon. If a fat-aoluble drug la to b» contslnad 
in the liposome. It may be mixed with the liposome- 
forming fipld during the mbow procedurea Forma- 
tion of liposomes from the mixed Nplda thus 
obtained may be carried out according to a 
conventional liposome fomiatlon method. For 
example, any of such methods as shaking, sonlca- 
lon and French pressure ceO may ba employad 
Liposomes with panicle sizes of 0.1 - 1 um can be 
produced allowing for carrying a sufficient amount of 
a water-aolubte dn«g or physiologically active aub- 
stanca in the Inner aqueous space, provided that the 
above-mentioned non-Ionic surface active agant of 
poiyoxyethylene ether addition type is used within 
the above-defined range. The non-lonlc surfSce 
active agent of poiyoxyethylene ather addition type 
•s contained in the lipid layer of fiposomas thus 
Obtained, but the content Is not necessarily thf 
same aa that based upon the proportion orlglnaity 
mixed with the fipw. if water solubflity of the 
iVMvlonIc surface acth« agent of polyoxyethyfona 
eti^r additron type Is high, parf of It will possibly be 
wuted mto the aqueous phase outside the mem- 
brane. Although the torm of the non-fonic surface 
active agent of polyoxyethytene ether addition typa 
present in the 1^ membrane of l^somas is not 
Clear. It Is believed that the hydrophobic molaty of 
the molecule of non-Ionic surface active agent of 
Pojrwoja^^ ether addition type is present In the 
hydrophHIc region of the Nposome membrane and 
f«L^l[*?^""' Polyoxyelhyltne chain is ptvsant 
from the hydrophlllc region m the membrane var t 
«>• aqueous medium outside the membww. It 



the non-lonlc aurface active agent of plyoxyethylene 
ther addition type obtained by the method of the 
Invention Is present In both f the outer aqueoua 
s phaae and the Inner aqueous space of the liposome 
Th non-Ionic surface active agent of poly- 
ojqfsthylene ether addition type of the Invention 
need not neceasarfly give a clear solution wh n 
iJT ^^ ^ "o*»ver. If ths non-lonlc surface 
*cfw«g«ht f poiyoxyethylene ether addition type 
Of the Invention is uniformly dissotvad m water, the 
liposome of the Invention may also be prepared bv 

"Powmes 

containing the non-lonlc surface active agent of 

ta'S^'W*"* <rf Invention 

m the lipid layer may also be prepared as follows: To 
• suspension of liposomes carrying a water-soluble 
or fat-soluble dnig or the like (which hove been 
Pf*!*"'®^ by ««posomsformatton method generally 
SO employed) la added the non-kxite aurfacTactive 
•gent of poiyoxyethylene ether additkm type of the 
Invention either as It la or In aquaous solution. In this 
osae. the non-lonlc surface actlva agent of poly- 
oxyethylene ether addition type is dispersed in tlie 
2f form of micelles In ths aqueous solution. When 
npoaomes are co-exIstent In the dispersion, the 
hydrophobic moiety m the non-lonlc surface active 
•gent molecule of poiyoxyethylene ather addition 
type la fixed m the hydrophobic region in the 
90 liposome membrane by hydrophobic Interaction 
thereby taking a structure In wNch the hydropWIic 
poiyoxyethylene chain Is exposed on the surface of 
liposomes on the aide of the outer aqueous phase 
only. *^ 

9S Addition of the non-lonlc surface active agent of 
poiyoxyethylene ether addition type In an aqueous 
solution may be made at the crttteal mteefle 
ooncentratlon or higher. At a tower concentration, 
however, the amount adsorbed on the liposome will 
40 not be aufflcient to maintain the effect of preventing 
•gglutlhation of nposomaa in plasma. At a too high 
concentration, the liposome win be ao unstable as 
eventually to cause leakage of the water-soluble 
dnig or the like carried In the Inner aqueous space. 
45 Tharafora, the concentration Is preferably 0,01 - SVa, 
more preferably 0.1 -2«Vb In terms of the concentra- 
tion In the liposome suspension. 

When irtlflclal erythrocytes are prepared, mixing 
ratio of the non-ionlo surface acthra agent to the 
so Uposome-formlng Npld la preferably 05-30<W) by 
weight. Below the above-defbted range, formation of 
hemoglobin liposomes wUI hardly be acNeved at a 
high efnclancy. Beyond the above-deflned range, 
aolubiiizlng capacity of the non-lonte surface active 
ss agent wni unatabllize the artificial erythrocytes 
formed. 

The llposome-forming Mpid used In the Invention Is 
phosphollpWs obtained from natural materials such 
M egg yolk and soybean or those whtoh are 
00 produced by organle chemical synthesis. They are 
used as the main component either alone or in 
combination. Rspreaentatlve are phosphati- 
dytohoHne (leolthin). sphlngomysHn. phosphatldyle- 
thanolamlns and phosphatldyiserine. In addHton. 
es sterols tuoh as cholssteroi and eholestanol as a 



^ . die tyi phosphate and higher fatty acld$ aV a 
'charge-providing substance and other ac^ditlve5 may 
atao be added. 

' ff the phospholipid contains an unsaturated borvd, 
there occur such special problema that lipid perox- 
ides generated by peroxidatlor> reaction of th» 
unsaturated bond may be toxic, and the oncloaed 
hemogtobin i$ liable to oxidath^e degradation. There- 
fore, hydrogenation products to the unsaturated 
group are preferably used. For example, hydroot- 
fvated agg yolk lecithin, hydr genated soybean 
lecithin and the like are mentioned as hydrogenated 
natural phospholipid readily available. When such a 
hydrogenated natural phospholipid Is employed aa 
the n^aln component, the phase transition tempera* 
ture is as high as about SO^^C. In general. Hposomes 
are hardly formed unless the operation Is carried out 
at the phase transition temperature or tiigher. 
However, hemoglobin will be heat degraded If 
formation of hemoglobin liposomes is operated at 
40*C or higtier. If sterols are contained In the 
llposome-forming lipid, there Is no definite phase 
transition temperature for the whole lipid mixture, 
and artricla* erythrocytes can be prepared t»atlsfac- 
torlly even when operated at a temperature below 
the phaee transition temperature of the Hpld main 
component. Higher fatty acids are preferabfy em- 
ployed as a charge-providing substance which Ja 
usually contained in order to prevent mutual anniiitl- 
••««Mw.« vt MIC ii/iMivu tiitiMcttA eryrnroCyraf. Aoequ* 
ately. mixing ratk>s in these liposome-forming llpida 
are O^'l part by weight of sterols and 0.05-0.2 
parts by weight of higher fatty acids per part by 
weight of the phospholipid. 

In order to prepare a mbcture of a non-Ionic 
surface active agent and a liposome-forming Hpld 
the two may uniforn>ly be dissoh^d In a volatile 
organic solvent capable of uniformly dissolving the 
non-lonte surface active agent and the liposome-for- 
ming lipid and then the organic solvent removed by 
such a method as evaporation, freeze-drying or 
apray-drying. 

In order to fomi artificial erythrocytes from the 
mixed Wpki obtained, said mixed lipid may be 
hydrated and dispersed in an aqueous solution of 
hemoglobin. Whereas the hydration and dispersion 
may be effected merely by mechanically nixing the 
two. It 9s desirable to add high pressure-delivery 
tr atment using such a machine as a French 
pressure ccM. Hemoglobin concentration In the 
aqueous solution of hemoglobin Is preferably 
30 - 60<Vo. eelow the above-defined range, encapsu- 
lation effteiency of the hemoglobin %WII be low. 
Beyond the above-defined range, viscosity of the 
aqueous solution of hemoglobin will be so much 
Increased that the hydration and dispersion will be 
diffteult even when a non-lonrc surface active agent 
la added. 

In the method for preparing artificial erythrocytes 
according to the Invention In which a llposome-for- 
n^ing lipid wHh hydrogenated phosphollpWs. sterols 
or higher fatty acids mixed and an aqueous solution 
of h mogk)bln in the above-defined range are used, 
there are produced almost none of the arttficlai 



o.7*iM0tyiet> wjin panicle sizes f 0.01 -0.03 am 
having very low hemoglobin encapsulation etfi- 
clenoy. but for the most part, artificial erythrocytes 

s hemoglobin encapsulation fflclency 

.kI?.*!-?*^ ^^^^^ ^ ^^^^^^ erythrocytes thus 
obtained la contained the non-1 nio surface active 
agent content of which la not necessarily be the 

t^i*.V^' '^•^ ^^"^ ^'^^ '"^"O "^tlo with 
fO the lipid. In case wher water solubility of the 

Il^lSV."??^.*f ^'8h. part of It will 

possibly be eluted Into the aqueous phase outside 
the membrane. 

« JHHiT^^ ^ described m more detail 
/5 below with reference to Examplea and Comparative 
ExwnpMt. 

Exompl* 1 

In 20 ml or dichloromothane ware dissolved eao 

choteslorol. 63 mg of myrlstlo acid and 150 mo of 
polyoxyathylsn* phytostanol athar (avarage dagraa 
Of polym*rlza(lon for athytana oxida 25 bpsh 2S 

'nanuf*oturadbyNikl«oCt>amlcalaKXJ.Th6orgartc 
»0jant w«« ramovad by avaporatlon. To tha mixad 
lipid thus obtained was addad 20 ml of 60<Vb aqueous 
solution of hemoglobin. Tha mixture was blended by 
shaking foilowad by French pressure cell under a 
preaaura of 250 kg/cm» The treatment was re- 

treatment through French pressure cell was 1 10 
diluted with physiological saline solution and sub- 
jected to centrifugal separation (17,000 rp.m. for 30 
min.), Tha liposome precipitates were aubjected to 

35 additional oentrttugal washing with two portions of 
140 ml of physiological saline solution. The liposome 
precipitates after the washing were suspended In 
plV»lologlcal saline solution to a hemoglobin con- 
centratlon of 6%. Average particle size of the 

40 liposomes thus obtained was 05 jim. With 0.1 ml of 
the Uposoms suspension was mixed 0.5 ml of 
cltrate-oontalnlng human plasma. The mbcture was 
observed under optical microacope (x 400) to find 
almoat none of liposome agglutinates exceeding 1 

46 pm In aire. 



Example 2 

In 20 ml of dichloromethane were dissolved 630 
mg of hydrogenated egg yolk lecithin, 317 mg of 
so cholesterol and 63 mg of myriatic add. The organic 
solvent was removed by evaporation. To the mixed 
tlpld thus obtained was added 20 ml of 600^ aqueous 
solution of hemoglobin. The mixture was blended by 
shaking followed by French pressure cell under a 
65 pressure of 600 kg/cm«. The treatment was re- 
peated ten times, and the liquor obtained was 1:10 
dfluted vdth physiological saline solution and sub- 
jected to centrifugal separath>n (17,000 r4>.m. for 30 
min.). The npoeome preoipltatea ware subjeoted to 
60 additional oentrffuoal washing with two portions of 
I40fnl or physiological aallne aolutlon. The liposome 
precipitates after the washing were suspended in 
physiological saUns solution to a hemoglobin con- 
centration of 6<to. Average particle aize of the 
65 liposomes thus btalned was 0^ lun. With 0.1 ml of 



...^ .,w....o.i.w.g ouman piasma. The mixture wam 

Si^KS: ^^'"^"♦^''"o" Of 5% with 0.1 m?S 
oltrafe-contalning human plasma The mlxn,r«uJ!; 
baery^d under optical mfcro5?ope?xd o H 



Example 3 

M5««y.»»l.« |>I*<(»1»K>1 used h SSnS.^ 

Example 4 

!Jvi?h£r^ ^ .•"''•P* ^50 mg of poly, 
exyathjjana glyca,yi distaarata (averaoe deoraa if 

ExSSdS X Phytoaianol used In 



^^j.u>«.ti.oi. 0 of myristic add and 0 14P n ^i 

M !f »■'"• operations as above war. 

produced artificial eMhro! 
•mira lipid concantiatlon In the artificial etyZ>tZ 



Comparative Example < 

oJva^hv^rS ^ 150 mo of poly- 

• "jonostearata with an average degree 

i««hrftar.l!rSr ^' ^ '«PO«oina« were completely 
^l" exceed 50 Km iS Z 

in MdHionMhe aam. results were also produced 
with polyoxyethylene distearale (n-io or 1^)? 

Comparative Example 2 
When polyoxyethylene monoatearate was u««/< u 

Example 6 

of "!^S.JlJl«^J2f ^'»»olved 1.01 0 

oi nydrogenated egg yo* lecithin. 0.913 g of 



Example 6 

40 ifi?^ 25f '^f'l^***'** chloroform were dlsso^•d 
Pf'^toyiphoaphatWytethanolamlne and 

KKX Selkagaku Kogyo 

KJC). To the aolutlon waa added 2 g of eodlum 

4S r- ""^"^^ '"owed to reac^ 

Sl^W " '^"^ temperature. After conflrmina 
completion of the raactlon by diaappearence S 

tSTj^? "^'^'^ ""'^ mixture wS 

In 20 ml of dichloromethane were dissolved 830 
. •W yo"< '»clthln, 317 mg of 

cholaatarol. 63 mg of myrlatic acid and 150 ma «f the 

SnTiSSll"!.'*'^*^"^ phoephoi;pld.T ?r! 
SSi!^?.* evaporation. To the 

mixed lipid thus obtained waa added 20 ml of 50% 

JI&V*^'"''*" hemoglobin. The mixture was 
ao . J!2^ ''^ ^•'^ '''•"ch pressure call 

"<»"or obtained waa 1 :t0 
JMad with phyaiologicai tannt aolutlon and aub- 
jjoted to oentrtfugal aeparatlon (17.000 r.p.m. for 30 

^ The llpotome preolpltatea were aubjaoted to 
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ivu o* pi i/it^^v-'u' -i'' • — ^- V - 

precipitates after rhe washing wera susponded In 
physiological saline solution to a hamojiobin con» 
centration of S^/o. Average parllcia alra Of tha 
fiposomes thus obtained was 0.2 ^im. With 0.1 ml of 
the liposome suspension wa$ mixed 0^ ml of 
citrate-containing human plasma. Tha mixture w$a 
observed under optical microscopa to flr^d atmoat 
none of liposome agglutinates exceedlr>g 1 ^m In 
size. 

Example 7 

In 20 ml of dichtoronoethane were disaolved 630 
mg of hydrogenated egg yolk lecithin, 317 mg of 
chotesterol and &3 mg of myrlatio add. Tha organic 
50lvent was removed by evaporation. To the mixed 
npid thus obtained was added 20 ml of SCMb aqueous 
solution of hemoglobin. The mbcture was btended by 
shaking followed by French preaaure oel! under a 
pressure of 500 kg/cm». Tha treatment waa re- 
peated ten times, and the liquor obtained wat 1 :10 
diluted with physiological saline solution and aub- 
Jected to centrifugal separation (17,000 r.p.m. for 30 
min ). The liposome precipitates were subjected to 
additional centrifugal washing with two portions of 
140 ml of physiological saline solution. The Bpoaome 
precipitates after the washing were suspended In 
phyeiological saline solution to a hemoglobin con* 
centration of 5oyb, Average particle el2e Of the 
liposomes thus obtained was 0.2 \im. With 0.1 ml of 
the liposome suspension was mixed OS ml of 
citrate^conialning human plasma. Tha mixture wM 
observed under optical miCroecope (x 400) to find 
fiposomes completely agglutinated. 8lre of the 
agglutinates exceeded 50 ^m. 

To 1 ml of the above-prepared liposome euepen» 
slon adjusted to a hemoglobin concentration of 5^ 
was added 8 ml ot physiological saline aolution 
containing m of the PEO-comblned phoephollpld 
obtained in Example 6. The mixture waa aHowed to 
stand at room temperature for 30 mln,, then 1:10 
diluted with physiological saline solution end aub- 
jected to centrifugal separation (17,000 r.p.m. for 30 
mln ). The liposome precipitates were subjected to 
additional centrifugal washing with two portlone of 
140 ml of physiological saline solution. The liposome 
precipitates after the washing were suspended In 
physiological saline solution to a hemoglobin con- 
centration of 5<>A), With 0.1 ml of the liposome 
suspension was mixed 0-5 ml of cltrate-contalnlng 
human plasma. The mixture was observed under 
optical microscope (x 400) to find almost none of the 
liposome agglutinates exceeding 1 \irr\ In ate. 

Example 8 

The same procedures as In Example 7 were 
repeated except that hydrogenated soybean lecithin 
containing 30 mol<Vb of phosphatldylethanolamlne 
was used in place of the hydrogenated egg yotk 
lecithin to obtain hemoglobin-containing Rposomes. 
To 1 ml of a suspensk>n of the above-prepared 
Hposomos adjusted with 0.1 M borate buffer solution 
(pH 10) to a hemoglobin concentration of 6% wae 
added 100 mg of activated PE02. The mixture was 



saline solution and subjected to centrifugal separ- 
ation (17.000 r p.m. for 30 mln.). The liposome 

5 precipitates were subjected to additional centrifugal 
washing with two portions of 140 ml of physlologlcaJ 
saline aolution. The liposome pr clpttates after the 
washing were suspended In physiological saline 
solution t e hemoglobin concentration of With 

10 0.1 ml of the ilposonoe suspension was mixed 0.5 ml 
of ottrate«oontalnlng human plaama. The mbcture waa 
obaerved under optical mlcroacope (x 400) to find 
almost none of the liposome egglutlnat e exceed- 
ing 1 ^ In steo. 

fS 

Example 9 

To a eotutk>n of 50 g of n>onomethoxy PEQSOOO 
(manufactured by Unk>n Carbide) ki 250 ml of 
1^-dlchtoromethane were added 6 g of succinic 

A> anhydride end 4 ml of pyridine. The mbcture wae 
boiled under reflux for 4 days. The reaction mixture 
was filtered, eubjected to evaporation and dissolved 
In 100 ml of dtstltied water. The aqueous phase was 
washed with ether and then extracted wHh 100 ml of 

2$ chloroform. After evaporated the residue waa recry- 
atallited from ethyl acetate to give monocarboxy-ter- 
mlnated f^EQ. In 30 ml of chloroform were dissolved 
725 mg of the PEQ, 100 mg of dlpalmltoytphosphati- 
dylethanolamlne and 30 mg of dlcyclohexylcafbo- 

$0 dllmlde. The solution was allowed to react overnight 
at SO^C. The reactton mixture was subjected to 
re-preolpltatlon with 300 ml of hexane. There was 
obtained phospholipid bound via amide bond with 
PEO. The same re$ult8 as in Examples 6 and 7 were 

S5 produced In an experiment using the phospholipid. 



Clalme 

1) An agent for Inhibiting adsorption of 
protelna on the liposome eurface comprising a 
compound having a hydrophobic moiety at one 
end and a hydrophllic macromoleoular chain 
moiety at the other end. 

2) An agent for Inhibiting adsorption of 
protelna on the liposome surface according to 
Claim 1 wherein the hydrophobic moiety and 
the hydrophlllc macromoleoular chain moiety 
are covalently bound. 

3) An agent for Inhibiting adsorption of 
protelha.on the liposome eurface according to 
Qalm 1 wherein degree of polymertratlon for 
the hydrophlllc macromoleoular chain moiety la 
5-1000molea. 

4) An agent for Inhibiting adsorption of 
proteins on the liposome eurface according to 
Claim 1 wherein the hydrophlllc macromolecular 
chain moiety consists of polyethylene glycol, 

6) An agent for Inhibiting adsorption of 
proteins on the Hpsome surface according to 
Claim 1 wherein the hydrophobic moiety and 
the hydrophWc macromolecular chain moiety 
are bound via an ether bond. 

6) An agent for Inhibiting adsorption f 
proteins on the liposome surface eccording to 



ester. • flJycerln fttty aoW 

Claim 7 whereta l*"***" •ecordlnfl to 

Claim 7 ivhefflJo tf« hn.!i . .^""^ •ccofxllng to 

aalm7vW>erSn^tb1n7is^^^^^^ « 
bond. '°^«el via an «m(d« 

protein, on fh« S/omT . ^'"0 •♦'•wptlon of 
Claim, 1 , to fe SaJ^! TT «<> «5 

braneKJon,tfto»Tna tew u 

•x;aoda.omthX;:^^^^^^^^^ ^'-^^ 



•"•pension and then conectLV., 
from$a/d«u6pen5lon. ^^'''^^ "PMome, 

'noad,on,ST;:SKi'*"j;«S 

•urfaoa with a floo«„n«r "posome 

thwobtaimS »ha mxturi 

Mropt.tno nwSJmoS * 
roctly bound with a Miv*.^ '^^♦y di- 

'^fr<>mth.«po^^'XtS''''"^'^''^^^^^^ 
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